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Abstract
We elaborate on the traceless and transverse spin projectors in four-dimensional de
Sitter and anti-de Sitter spaces. The poles of these projectors are shown to correspond
to partially massless fields. We also obtain a factorisation of the conformal operators
associated with gauge fields of arbitrary Lorentz type (m/2, n/2), with m and n positive
integers.
1 Introduction
In four-dimensional Minkowski space M4, spin projection operators, also known as traceless
and transverse (TT) spin-s projectors, were constructed by Behrends and Fronsdal more than
sixty years ago [1, 2]. These TT projectors have found numerous applications. For instance, it
is well-known that they determine the structure of massive spin-s propagators in the quantum
theory. They can also be used to construct gauge-invariant actions. An important example of
the latter application is the formulation of conformal higher-spin actions proposed by Fradkin
and Tseytlin [3], although the TT spin-s projectors were given explicitly in [3] only for s ≤ 2.
Refs. [1, 2] made use of the four-vector notation in conjunction with the four-component
spinor formalism, which resulted in rather complicated expressions for the TT spin-s projectors.
However, switching to the two-component spinor formalism leads to remarkably simple and
compact expressions for these projectors [4, 5].
For higher-dimensional Minkowski spaceMd, with d > 4, the TT integer-spin projectors were
constructed by Segal [6] who used these operators to formulate bosonic conformal higher-spin
actions. In the literature, there have appeared different forms of the bosonic TT projectors [7–
10], which may be shown to be equivalent to the ones presented in the arXiv version of [6]. The
TT half-integer-spin projectors for d > 4 were constructed for the first time in [10]. It should
be pointed out that the three-dimensional case is somewhat special, and the corresponding spin
projection operators were described in [11] (see also [12] for the superprojectors).
Unlike Minkowski space, both de Sitter (dS) and anti-de Sitter (AdS) spaces have non-
vanishing curvature, which makes it more challenging to construct the TT spin-s projectors.
For this reason only the lower-spin cases corresponding to s ≤ 2 have been considered in the
literature [13]. In this paper we construct all the spin projection operators in (A)dS4 and use
them to derive various properties of higher-spin (i) partially massless fields [13–23]; (ii) massive
fields; and (iii) conformal models.
Throughout the paper we make use of the two-component spinor formalism and follow the
notation and conventions of [24]. In this notation the algebra of AdS covariant derivatives1 is
[
Dαα˙,Dββ˙
]
= −4S2
(
εαβM¯α˙β˙ + εα˙β˙Mαβ
)
, (1.1)
where the Lorentz generator Mαβ is defined by Mαβψγ = εγ(αψβ). An analysis similar to that
given below applies in the case of de Sitter space, one just needs to replace all occurrences of
S2 with −S2.
1In vector notation this reads
[
Da,Db
]
= −2S2Mab.
1
2 Spin projection operators
Of crucial importance to our subsequent analysis is the quadratic AdS Casimir operator2
Q := ✷− 2S2(MγδMγδ + M¯
γ˙δ˙M¯γ˙δ˙) ,
[
Q,Dαα˙
]
= 0 , (2.1)
where ✷ = DaDa = −
1
2
Dαα˙Dαα˙.
Denote by V(m,n) the space of fields φα(m)α˙(n) which are totally symmetric in their dotted
and, independently, in their undotted indices.3 To construct the projectors, we introduce two
operators P(m,n), P̂(m,n) : V(m,n) → V(m,n) which are defined by their action on φα(m)α˙(n) as
Pα(m)α˙(n)(φ) = D(α˙1
β1 · · ·Dα˙n)
βnD(β1
β˙1 · · ·Dβn
β˙nφα1...αm)β˙(n) , (2.2a)
P̂α(m)α˙(n)(φ) = D(α1
β˙1 · · ·Dαm)
β˙mD(β˙1
β1 · · ·Dβ˙m
βmφβ(m)α˙1...α˙n) . (2.2b)
Both operators (2.2) project out the transverse component of the field φα(m)α˙(n),
Dββ˙Pβα(m−1)β˙α˙(n−1)(φ) = 0 , (2.3a)
Dββ˙P̂βα(m−1)β˙α˙(n−1)(φ) = 0 . (2.3b)
However they are not projectors in the sense that they do not square to themselves. In fact,
one may show that they instead satisfy
P
(m,n)
P
(m,n)φα(m)α˙(n) =
n∏
t=1
(Q− λ(t,m,n)S
2)P(m,n)φα(m)α˙(n) , (2.4a)
P̂
(m,n)
P̂
(m,n)φα(m)α˙(n) =
m∏
t=1
(Q− λ(t,m,n)S
2)P̂(m,n)φα(m)α˙(n) , (2.4b)
where the parameters λ(t,m,n) are defined by
λ(t,m,n) := (m+ n− t + 3)(m+ n− t− 1) + (t− 1)(t+ 1) . (2.5)
From Eq. (2.4) it follows that the two operators Π(m,n), Π̂(m,n) : V(m,n) → V(m,n) where
Πα(m)α˙(n)(φ) =
[ n∏
t=1
(Q− λ(t,m,n)S
2)
]−1
Pα(m)α˙(n)(φ) , (2.6a)
Π̂α(m)α˙(n)(φ) =
[ m∏
t=1
(Q− λ(t,m,n)S
2)
]−1
P̂α(m)α˙(n)(φ) , (2.6b)
2This operator may be compared with the quadratic Casimir operator of the N = 1 AdS supergroup [25].
3This means that from the beginning we work with traceless tensor fields.
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square to themselves and project out the transverse subspace of V(m,n),
Π(m,n)Π(m,n)φα(m)α˙(n) = Π
(m,n)φα(m)α˙(n) , D
ββ˙Πβα(m−1)β˙α˙(n−1)(φ) = 0 , (2.7a)
Π̂(m,n)Π̂(m,n)φα(m)α˙(n) = Π̂
(m,n)φα(m)α˙(n) , D
ββ˙Π̂βα(m−1)β˙α˙(n−1)(φ) = 0 . (2.7b)
Therefore the operators (2.6) are the spin projection operators in AdS. Actually, the two types
of projectors prove to coincide,
Πα(m)α˙(n)(φ) = Π̂α(m)α˙(n)(φ) , (2.8)
and so it suffices to consider only the first, (2.6a).
In addition, it is possible to show that for any field φα(m)α˙(n) such that the projector (2.6a)
is well defined, there exists some ζα(m−1)α˙(n−1) such that(
1−Π(m,n)
)
φα(m)α˙(n) = D(α1(α˙1ζα2...αm)α˙2...α˙n) . (2.9)
This means that any field may be decomposed as4
φα(m)α˙(n) =
m−1∑
l=0
D(α1(α˙1 . . .Dαlα˙lφ
T
αl+1...αm)α˙l+1...α˙n)
+D(α1(α˙1 . . .Dαm)α˙mφα˙m+1...α˙n) , (2.10)
for some set of fields {φTα(m)α˙(n), φ
T
α(m−1)α˙(n−1), . . . , φ
T
αα˙(n−m+1)} which are transverse and where
we have assumed, without loss of generality, that n ≥ m.
3 Analysis of results and applications
It is of interest to understand the physical significance of the parameters (2.5) which appear
in the definition of the projectors (2.6). With this in mind we now introduce on-shell fields,
which are those satisfying the equations
(
Q− µ2
)
φα(m)α˙(n) = 0 , (3.1a)
Dγγ˙φα(m−1)γα˙(n−1)γ˙ = 0 . (3.1b)
We say that such a field describes a spin s = 1
2
(m+ n) particle with pseudo-mass5 µ.
4A supersymmetric extension of (2.10) is given in [25].
5This terminology is because with our conventions µ is not the physical mass. For example, in the massless
case µ 6= 0.
3
3.1 Partially massless fields
It is typical to choose m = n = s for spin-s bosonic fields whereas the usual choice for
spin-
(
s+ 1
2
)
fermionic fields is m = n− 1 = s. By now it is well known that in these cases, the
system of equations (3.1) becomes invariant under gauge transformations of depth t
δζφα(s)α˙(s) = D(α1(α˙1 . . .Dαtα˙tζαt+1...αs)α˙t+1...α˙s) , (3.2a)
δζφα(s)α˙(s+1) = D(α1(α˙1 . . .Dαtα˙tζαt+1...αs)α˙t+1...α˙s+1) , (3.2b)
for an on-shell gauge parameter when the mass squared takes the special values6 [21–23]
µ2(t,s) = [(2s− t+ 3)(2s− t− 1) + (t− 1)(t+ 1)]S
2 , (3.3a)
µ2
(t,s+ 1
2
)
= [(2s− t+ 4)(2s− t) + (t− 1)(t+ 1)]S2 , (3.3b)
where 1 ≤ t ≤ s. Strictly massless fields correspond to t = 1 whilst all other values of t
correspond to partially massless fields. Remarkably, we see that for these values of m and n,
the partially massless values coincide with the parameters in the projectors,
µ2(t,s) = λ(t,s,s)S
2 , µ2
(t,s+ 1
2
)
= λ(t,s,s+1)S
2 . (3.4)
Therefore, we can extend this notion and say that a field φα(m)α˙(n) is partially massless when
it satisfies (3.1) with
µ2(t,m,n) = λ(t,m,n)S
2 , 1 ≤ t ≤ min(m,n) . (3.5)
Indeed, as shown in the appendix, for these values a gauge invariance with depth t emerges in
the system of equations (3.1),
δζφα(m)α˙(n) = D(α1(α˙1 . . .Dαtα˙tζαt+1...αm)α˙t+1...α˙n) , (3.6)
with ζα(m−t)α˙(n−t) being on-shell. This gauge symmetry
7 is our main motivation for choosing
the upper bound of min(m,n) for t in the definition (3.5).
For transverse fields φTα(m)α˙(n) satisfying (3.1b), it follows from (2.4) that upon application
of P(m,n) and P̂(m,n), we obtain the following factorisations
Pα(m)α˙(n)(φ
T) =
n∏
t=1
(Q− λ(t,m,n)S
2)φTα(m)α˙(n) , (3.7a)
P̂α(m)α˙(n)(φ
T) =
m∏
t=1
(Q− λ(t,m,n)S
2)φTα(m)α˙(n) . (3.7b)
So partially massless fields may be understood as those for which (3.7) vanishes, or alternatively
as those fields whose masses appear as poles in the projectors (2.6).
6Due to our definition (3.1a), the mass values (3.3) are shifted with respect to the usual ones.
7Gauge-invariant Lagrangian formulations for partially massless fields in (A)dS were given in [22, 23, 26].
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3.2 Massive fields
Massive fields correspond to those values of µ2 which differ from (3.5). The tensor field
φα(m)α˙(n) is not the only type of field that can be used to describe a massive spin s =
1
2
(m+ n)
particle in AdS. Such representations can be equivalently realised on V(m+t,n−t) where 1 ≤ t ≤ n.
To see this, consider the set of operators
∆
(t,m,n)
αα˙ =
Dαα˙√
Q− λ(t,m,n)S2
. (3.8)
For a fixed t the λ(t,m,n) with different values of m and n such that m+n = const are all equal,
therefore we may drop these two labels in (3.8), ∆(t) ≡ ∆(t,m,n), if it is clear which family of
fields it acts upon. If φTα(m)α˙(n) is transverse (3.1b), then we may use ∆
(t) to convert back and
forth between tensor types,
φTα(m+t)α˙(n−t) = ∆
(n−t+1)β˙1
α1
· · ·∆(n)β˙tαt φ
T
αt+1...αm+tα˙(n−t)β˙(t)
, (3.9a)
φTα(m)α˙(n) = ∆
(n)β1
α˙1
· · ·∆(n−t+1)βtα˙t φ
T
α(m)β(t)α˙t+1 ...α˙n . (3.9b)
Alternatively, we could instead use (3.8) to trade dotted indices for undotted ones and convert
to fields of the type belonging to V(m−t,n+t),
φTα(m−t)α˙(n+t) = ∆
(m−t+1)β1
α˙1
· · ·∆(m)βtα˙t φ
T
α(m−t)β(t)α˙t+1 ...α˙n+t
, (3.10a)
φTα(m)α˙(n) = ∆
(m)β˙1
α1
· · ·∆(m−t+1)β˙tαt φ
T
αt+1...αmα˙(n)β˙(t)
, (3.10b)
where now 1 ≤ t ≤ m. We note that in (3.9a) and (3.10a), each of the fields φTα(m±t)α˙(n∓t)
inherit their transversality from φTα(m)α˙(n) and so their right hand sides are totally symmetric.
The denominator of (3.8) is well defined for all on-shell fields except for those whose mass
satisfies (3.5). This means that for partially massless fields, the different spaces V(m,n) with
m+ n = const describe inequivalent representations, which is not surprising from the point of
view of gauge symmetry.
The operators (3.8) may also be used to rewrite the projectors (2.6) as8
Πα(m)α˙(n)(φ) = ∆
(n)βn
(α˙n
· · ·∆(1)β1
α˙1)
∆
(1)β˙1
(β1
· · ·∆(n)β˙nβn φα1...αm)β˙(n) , (3.11a)
Π̂α(m)α˙(n)(φ) = ∆
(m)β˙m
(αm
· · ·∆(1)β˙1
α1)
∆
(1)β1
(β˙1
· · ·∆(m)βm
β˙m
φβ(m)α˙1...α˙n) . (3.11b)
This makes it clear that both Π(m,n) and Π̂(m,n) act as the identity operator on the space of
transverse fields of rank (m,n).
8We would like to point out that the spin projection operators for conformal fields in arbitrary conformally-
flat backgrounds appeared in [27]. Their structure is similar to (3.11). However, the projectors of Ref. [27] were
formulated using the conformal covariant derivative and it is non-trivial to switch to a description in terms of
the torsion-free Lorentz covariant derivative used here.
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3.3 Conformal higher-spin models
As an application of our analysis, we would like to discuss the action for a conformal
higher-spin field φα(m)α˙(n) in AdS.
9 Making use of the linearised higher-spin Bach operators
B
(m,n), B̂(m,n) : V(m,n) → V(n,m) defined by
Bα(n)α˙(m)(φ) = D(α˙1
β1 · · ·Dα˙m)
βmD(α1
β˙1 · · ·Dαn
β˙nφβ1...βm)β˙(n) , (3.12a)
B̂α(n)α˙(m)(φ) = D(α1
β˙1 · · ·Dαn)
β˙nD(α˙1
β1 · · ·Dα˙m
βmφβ(m)β˙1...β˙n) , (3.12b)
which were introduced in [27], the action takes the form
S
(m,n)
CHS [φ, φ¯] = i
m+n
∫
d4x e φ¯α(n)α˙(m)Bα(n)α˙(m)(φ) + c.c. (3.13a)
= im+n
∫
d4x e φα(m)α˙(n)B̂α(m)α˙(n)(φ¯) + c.c. (3.13b)
This action is invariant under the gauge transformations
δζφα(m)α˙(n) = D(α1(α˙1ζα2...αm)α˙2...α˙n) , (3.14)
which is equivalent to the fact that the descendants (3.12) are gauge invariant. The equation
of motion for φ¯α(n)α˙(m) is the vanishing of the higher-spin Bach tensor
Bα(n)α˙(m)(φ) = 0 . (3.15)
The gauge freedom (3.14) allows us to impose the transverse gauge
φα(m)α˙(n) ≡ φ
T
α(m)α˙(n) , D
γγ˙φTγα(m−1)γ˙α˙(n−1) = 0 . (3.16)
There are three separate scenarios that we should consider, the first of which occurs when
m = n = s. In this case the bosonic higher-spin Bach operator B(s,s) coincides with P(s,s),
Bα(s)α˙(s)(φ) = Pα(s)α˙(s)(φ) . (3.17)
As a consequence of (3.7a), this means that in the gauge (3.16) the Bach tensor factorises,
Bα(s)α˙(s)(φ
T) =
s∏
t=1
(Q− λ(t,s,s)S
2)φTα(s)α˙(s) (3.18)
9Gauge-invariant actions for conformal higher-spin fields on arbitrary conformally flat d = 4 backgrounds
were constructed in [27]. A few years earlier, Metsaev [28] developed the so-called ordinary derivative formulation
for conformal higher-spin fields on AdSd.
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and hence so too does the gauge fixed action.
Next, let us consider the case when n > m. By taking appropriate derivatives of the Bach
tensor (3.12a) one arrives at the following relation10
Dα˙m+1
αm+1 · · ·Dα˙n
αnBα(n)α˙(m)(φ) = Pα(m)α˙(n)(φ) , (3.19)
which may be inverted to give
Bα(n)α˙(m)(φ) =
[ n∏
t=m+1
(
Q− λ(t,m,n)S
2
)]−1
Dαm+1
β˙1 · · ·Dαn
β˙n−mPα(m)α˙(m)β˙(n−m)(φ) . (3.20)
It follows from (3.7a) that in the gauge (3.16), the Bach operator factorises as
Bα(n)α˙(m)(φ
T) =
m∏
t=1
(
Q− λ(t,m,n)S
2
)
Dα1
β˙1 · · ·Dαn−m
β˙n−mφT
αn−m+1...αnα˙(m)β˙(n−m)
. (3.21)
We see that due to the mismatch of m and n, the conformal operator B(m,n) does not factorise
wholly into products of second-order operators. However, using (3.19) it is easy to see that for
transverse fields the following equation can be derived from (3.15),
n∏
t=1
(Q− λ(t,m,n)S
2)φTα(m)α˙(n) = 0 . (3.22)
If on the other hand m > n, then the Bach tensor may be written in terms of P(m,n)
Bα(n)α˙(m)(φ) = Dα˙m
β1 · · ·Dα˙n+1
βm−nPα(n)β(m−n)α˙(n)(φ) . (3.23)
Once again, from (3.7a) it follows that in the transverse gauge B(m,n) factorises as
Bα(n)α˙(m)(φ
T) =
n∏
t=1
(
Q− λ(t,m,n)S
2
)
Dα˙1
β1 · · ·Dα˙m−n
βm−nφTα(n)β(m−n)α˙m−n+1 ...α˙m . (3.24)
This time the higher-derivative equation derivable from (3.15) is
m∏
t=1
(Q− λ(t,m,n)S
2)φTα(m)α˙(n) = 0 . (3.25)
An interesting observation is that according to the definition (3.5), when m 6= n there is a
discrete set of mass values corresponding to the range min(m,n) < t ≤ max(m,n) which are
not partially massless but which enter the spectrum of the operators (3.22) and (3.25).
10Due to (1.1), the left hand side of (3.19) is automatically totally symmetric in its dotted indices.
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To obtain the effective actions corresponding to the CHS models withm 6= n, it is convenient
to make use of the method of squaring which is always applied in the spinor theory. In this
method we have to deal with the operator
B̂
(n,m)
B
(m,n)φα(m)α˙(n) =
m∏
t=1
(
Q− λ(t,m,n)S
2
)
P
(m,n)φα(m)α˙(n) (3.26)
which for a transverse field becomes
B̂
(n,m)
B
(m,n)φTα(m)α˙(n) =
m∏
t=1
(
Q− λ(t,m,n)S
2
) n∏
k=1
(
Q− λ(k,m,n)S
2
)
φTα(m)α˙(n) . (3.27)
Finally, we note that in the case of unconstrained fields, the action (3.13a) may be rewritten
in terms of the projectors. In the ordinary bosonic m = n = s case it takes the form
S
(s,s)
CHS = (−1)
s
∫
d4x e φα(s)α˙(s)
s∏
t=1
(Q− λ(t,s,s)S
2)Πα(s)α˙(s)(φ) + c.c. , (3.28)
while in the fermionic m = n− 1 = s case it becomes
S
(s,s+1)
CHS = (−1)
si
∫
d4x e φ¯α(s+1)α˙(s)
s∏
t=1
(Q− λ(t,s,s+1)S
2)Dαs+1
β˙Πα(s)α˙(s)β˙(φ) + c.c. (3.29)
For lower-spin values s = 3/2 and s = 2, corresponding to m = n − 1 = 1 and m =
n = 2 respectively, the factorisation of the conformal operators (3.12) was observed long ago
in [14,29,30]. This factorisation was conjectured, based on lower-spin examples, by Tseytlin [31]
for the bosonic m = n and fermionic m = n − 1 cases, and also by Joung and Mkrtchyan
[32,33] for certain bosonic CHS models. More recently, the factorisation was proved by several
groups [28,34,35] for those bosonic CHS models on AdSd, with even d, which are described by
completely symmetric arbitrary spin conformal fields (the m = n case in four dimensions).
Using the formalism of spin projector operators in AdS4 developed in this work, the known
factorisation properties for m = n follow immediately, and are captured through the expression
(3.18). We have also provided the first derivation of the factorisation for conformal operators
of arbitrary Lorentz type (m/2, n/2), which is encapsulated by expressions (3.21) and (3.24).
This encompasses the case of arbitrary fermionic spin, m = n− 1, which to our knowledge was
not covered previously in the literature. As in the bosonic case, we find that the spectrum of
(3.21) and (3.24) consists of all partial masses. In contrast however, we find that the spectrum
of the wave equations (3.22) and (3.25) contain a discrete set of massive values.
It would be interesting to re-derive our results using the ambient space approach, see [36–38]
and references therein.
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A Technical results
Here we prove that the system of equations (3.1) is invariant under depth t gauge transfor-
mations (3.6) for the mass values (3.5).
To begin with, it is clear that (3.1a) is gauge invariant only if the gauge parameter is also
on-shell with the same (pseudo-)mass µ
(
Q− µ2
)
ζα(m−t)α˙(n−t) = 0 . (A.1)
Additionally, we need to ensure that the gauge variation of the transverse condition (3.1b)
vanishes,
0 = Dββ˙δζφα(m−1)βα˙(n−1)β˙ . (A.2)
To compute the right hand side of (A.2) it is useful to introduce the auxiliary commuting
spinor variables Υα and Υ¯α˙. Associated with a tensor field φα(m)α˙(n) of Lorentz type (
m
2
, n
2
) is
a homogeneous polynomial φ(m,n)(Υ, Υ¯) of degree (m,n) defined by
φ(m,n) := Υ
α1 · · ·ΥαmΥ¯α˙1 · · · Υ¯α˙nφα1...αmα˙1...α˙n . (A.3)
We denote the space of such homogeneous polynomials as H(m,n).
Next we introduce two operators
D(1,1) := Υ
αΥ¯α˙Dαα˙ , D(−1,−1) := D
αα˙ ∂
∂Υα
∂
∂Υ¯α˙
≡ Dαα˙∂α∂¯α˙ , (A.4)
which increase and decrease the degree of homogeneity by (1, 1) and (−1,−1) respectively.
They may be shown to satisfy the algebra
[
D(1,1),D(−1,−1)
]
= (Υ + 1)(✷+ 4S2M¯) + (Υ¯+ 1)(✷+ 4S2M) , (A.5)
9
where we have defined11
Υ = Υα∂α , Υφ(m,n) = mφ(m,n) , (A.6a)
Υ¯ = Υ¯α˙∂¯α˙ , Υ¯φ(m,n) = nφ(m,n) , (A.6b)
M = Υα∂βMαβ , Mφ(m,n) = −
1
2
m(m+ 2)φ(m,n) , (A.6c)
M¯ = Υ¯α˙∂¯β˙M¯α˙β˙ , M¯φ(m,n) = −
1
2
n(n + 2)φ(m,n) . (A.6d)
Then, via induction on k it is possible to show that for any φ(m,n) ∈ H(m,n), the following
identity holds true
[
D(−1,−1),D(1,1) · · ·D(1,1)︸ ︷︷ ︸
k-times
]
φ(m,n) = −k(m+ n+ k + 1)
(
Q− λ(k,m+k,n+k)S
2
)
×D(1,1) · · ·D(1,1)︸ ︷︷ ︸
(k−1)-times
φ(m,n) . (A.7)
Finally, using the operators (A.4), one may show that the condition (A.2) is equivalent to
0 = D(−1,−1)D(1,1) · · ·D(1,1)︸ ︷︷ ︸
t-times
ζ(m−t,n−t)
= D(1,1) · · ·D(1,1)︸ ︷︷ ︸
t-times
D(−1,−1)ζ(m−t,n−t)
− t(m+ n− t + 1)
(
Q− λ(t,m,n)S
2
)
D(1,1) · · ·D(1,1)︸ ︷︷ ︸
(t−1)-times
ζ(m−t,n−t)
where t is the depth and we have used (A.7) in the second line. The first term vanishes if
ζα(m−t)α˙(n−t) is transverse
0 = Dββ˙ζα(m−t−1)βα˙(n−t−1)β˙ , (A.8)
whilst the second term vanishes if the mass in (A.1) satisfies µ2 = λ(t,m,n)S2.
References
[1] R. E. Behrends and C. Fronsdal, “Fermi decay of higher spin particles,” Phys. Rev. 106, 345 (1957).
[2] C. Fronsdal, “On the theory of higher spin fields,” Nuovo Cim. 9, 416 (1958).
[3] E. S. Fradkin and A. A. Tseytlin, “Conformal supergravity,” Phys. Rept. 119, 233 (1985).
11The auxiliary variables Υα and Υ¯α˙ are inert with respect to the Lorentz generators.
10
[4] W. Siegel and S. J. Gates Jr., “Superprojectors,” Nucl. Phys. B 189, 295 (1981).
[5] S. J. Gates Jr., M. T. Grisaru, M. Rocˇek and W. Siegel, Superspace, or One Thousand and One Lessons
in Supersymmetry, Benjamin/Cummings (Reading, MA), 1983, hep-th/0108200.
[6] A. Y. Segal, “Conformal higher spin theory,” Nucl. Phys. B 664, 59 (2003) [hep-th/0207212].
[7] D. Francia, J. Mourad and A. Sagnotti, “Current exchanges and unconstrained higher spins,” Nucl. Phys.
B 773, 203 (2007) [hep-th/0701163].
[8] D. Ponomarev and A. A. Tseytlin, “On quantum corrections in higher-spin theory in flat space,” JHEP
1605, 184 (2016) [arXiv:1603.06273 [hep-th]].
[9] R. Bonezzi, “Induced action for conformal higher spins from worldline path integrals,” Universe 3, no. 3,
64 (2017) [arXiv:1709.00850 [hep-th]].
[10] A. P. Isaev and M. A. Podoinitsyn, “Two-spinor description of massive particles and relativistic spin
projection operators,” Nucl. Phys. B 929 (2018) 452 [arXiv:1712.00833 [hep-th]].
[11] E. I. Buchbinder, S. M. Kuzenko, J. La Fontaine and M. Ponds, “Spin projection operators and higher-spin
Cotton tensors in three dimensions,” Phys. Lett. B 790, 389 (2019) [arXiv:1812.05331 [hep-th]].
[12] E. I. Buchbinder, D. Hutchings, J. Hutomo and S. M. Kuzenko, “Linearised actions for N -extended
(higher-spin) superconformal gravity,” JHEP 1908, 077 (2019) [arXiv:1905.12476 [hep-th]].
[13] S. Deser and A. Waldron, “Partial masslessness of higher spins in (A)dS,” Nucl. Phys. B 607, 577 (2001)
[hep-th/0103198].
[14] S. Deser and R. I. Nepomechie, “Anomalous propagation of gauge fields in conformally flat spaces,” Phys.
Lett. 132B, 321 (1983).
[15] S. Deser and R. I. Nepomechie, “Gauge invariance versus masslessness in de Sitter space,” Annals Phys.
154 (1984) 396.
[16] A. Higuchi, “Forbidden mass range for spin-2 field theory in de Sitter space-time,” Nucl. Phys. B 282, 397
(1987).
[17] A. Higuchi, “Symmetric tensor spherical harmonics on the N sphere and their application to the de Sitter
group SO(N ,1),” J. Math. Phys. 28, 1553 (1987)
[18] A. Higuchi, “Massive symmetric tensor field in space-times with a positive cosmological constant,” Nucl.
Phys. B 325, 745 (1989).
[19] S. Deser and A. Waldron, “Gauge invariances and phases of massive higher spins in (A)dS,” Phys. Rev.
Lett. 87, 031601 (2001) [hep-th/0102166].
[20] S. Deser and A. Waldron, “Stability of massive cosmological gravitons,” Phys. Lett. B 508, 347 (2001)
[hep-th/0103255].
[21] S. Deser and A. Waldron, “Null propagation of partially massless higher spins in (A)dS and cosmological
constant speculations,” Phys. Lett. B 513, 137 (2001) [hep-th/0105181].
[22] Y. M. Zinoviev, “On massive high spin particles in AdS,” hep-th/0108192.
11
[23] R. R. Metsaev, “Gauge invariant formulation of massive totally symmetric fermionic fields in (A)dS space,”
Phys. Lett. B 643 (2006) 205 [hep-th/0609029].
[24] I. L. Buchbinder and S. M. Kuzenko, Ideas and Methods of Supersymmetry and Supergravity: Or a Walk
Through Superspace, Bristol, UK: IOP (1998) 656 p.
[25] I. L. Buchbinder, S. M. Kuzenko and A. G. Sibiryakov, “Quantization of higher spin superfields in the
anti-De Sitter superspace,” Phys. Lett. B 352, 29 (1995) [hep-th/9502148].
[26] E. D. Skvortsov and M. A. Vasiliev, “Geometric formulation for partially massless fields,” Nucl. Phys. B
756, 117 (2006) [hep-th/0601095].
[27] S. M. Kuzenko and M. Ponds, “Conformal geometry and (super)conformal higher-spin gauge theories,”
JHEP 1905, 113 (2019) [arXiv:1902.08010 [hep-th]].
[28] R. R. Metsaev, “Arbitrary spin conformal fields in (A)dS,” Nucl. Phys. B 885, 734 (2014) [arXiv:1404.3712
[hep-th]].
[29] A. A. Tseytlin, “Effective action in de Sitter space and conformal supergravity,” Yad. Fiz. 39, 1606 (1984)
[Sov. J. Nucl. Phys. 39, no. 6, 1018 (1984)].
[30] E. S. Fradkin and A. A. Tseytlin, “Instanton zero modes and beta functions in supergravities. 2. Conformal
supergravity,” Phys. Lett. 134B (1984) 307.
[31] A. A. Tseytlin, “On partition function and Weyl anomaly of conformal higher spin fields,” Nucl. Phys. B
877, 598 (2013) [arXiv:1309.0785 [hep-th]].
[32] E. Joung and K. Mkrtchyan, “A note on higher-derivative actions for free higher-spin fields,” JHEP 1211
(2012) 153 [arXiv:1209.4864 [hep-th]].
[33] E. Joung and K. Mkrtchyan, “Weyl action of two-column mixed-symmetry field and its factorization around
(A)dS space,” JHEP 1606 (2016) 135 [arXiv:1604.05330 [hep-th]].
[34] T. Nutma and M. Taronna, “On conformal higher spin wave operators,” JHEP 1406, 066 (2014)
[arXiv:1404.7452 [hep-th]].
[35] M. Grigoriev and A. Hancharuk, “On the structure of the conformal higher-spin wave operators,” JHEP
1812, 033 (2018) [arXiv:1808.04320 [hep-th]].
[36] X. Bekaert and E. Meunier, “Higher spin interactions with scalar matter on constant curvature spacetimes:
conserved current and cubic coupling generating functions,” JHEP 1011, 116 (2010) [arXiv:1007.4384 [hep-
th]].
[37] X. Bekaert and M. Grigoriev, “Notes on the ambient approach to boundary values of AdS gauge fields,”
J. Phys. A 46, 214008 (2013) [arXiv:1207.3439 [hep-th]].
[38] X. Bekaert and M. Grigoriev, “Higher order singletons, partially massless fields and their boundary values
in the ambient approach,” Nucl. Phys. B 876, 667 (2013) [arXiv:1305.0162 [hep-th]].
12
